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performance advantages can be realized when compared to using a static voltage lens 
configuration. 

Another variation with the use of multipole ion guides is the incorporation of two or more ion 
guides in consecutive vacuum pumping stages. This allows different a n and q n values to be set 
per ion guide but increases system complexity and cost. Figure 14 is a diagram of a four vacuum 
stage API/TOF mass spectrometer system with single vacuum pumping stage multipole ion guides 
180 and 181 located in pumping stages 184 and 185 respectively. Ions in vacuum stage 183 pass 
through skimmer 190 and enter ion guide 180. The ions which are transported through vacuum 
stage 184 by ion guide 180 are focused through the aperture 194 by multipole 180 exit lens 187. 
The ions then enter the a second ion guide 181 in vacuum stage 185 and are focused by lens 188 
through aperture 1 89 as they exit the multipole ion guide 181. Ions passing though aperture 1 89 
into vacuum stage 186 are pulsed orthogonally with lens set 191 into the TOF mass analyzer 192. 
The multipole ion guides can be operated with independent values of a n and q n may be set to 
optimize the TOF duty cycle and sensitivity. Similar to the continuous multiple pumping stage 
multipole ion guide configuration, the dual multipole ion guide configuration as diagrammed in 
figure 14 can be used reduce the ion energy spread and deliver low energy ions into the mass 
analyzer. However, with the dual multipole ion guide configuration, losses in ion transmission 
efficiency may occur in the region of static voltage lenses 187 and 195 between the two multipql^ 
assemblies 180 and 181. 

We claim: . — ___ 




>ran apparatus used for analyzing chemical species comprising: 

a. an ion source operated at or near atmospl ieric pressure which produces ions from solution and 
delivers said ions into a first vacuum pumpir g stage^hrough an orifice; 

b. two or more vacuum pumping stages with meap for pumping away gas in each vacuum stage 
whereby each successive vacuum pumping stageypa^ lower background pressure than the 
previous pumping stage; 

c. a mass analyzer and detector located in ohe oflmore^of the vacuum pumping stages; 

d. a multipole ion guide which begins in onfe vacuup^pumping stage and extends contiguously into 
one or more subsequent vacuum pumping sta^sT^Said multipole ion guide consisting of a 
multiple of equally spaced parallel poles extending the length of said ion guide. Said multipole ion 
guide is positioned in said vacuum pumping stages to guide ions delivered from said ion source 
through a portion of said vacuum stages;. 

e. a means for applying AC and DC voltages to said poles of said multipole ion guide. 

f a means for controlling the AC frequency and said AC and DC voltages applied to said poles of 
said multipole ion guide; • ■ — 



2. An apparatus according to claim 1 where said ion sourperis an electrospray ion source. 

3. An apparatus according to claim 1 where^a<H^n^<5urce is an Atmospheric Pressure Chemical 
Ionization source. 

4. An apparatus according to claim 1 Where^id ion source is an Inductively Coupled Plasma ion 
source. 

5. £n apparatus according to claim/|^We kakhnultipole ion guide is a hexapole. 

6. An apparatus according to clainl^wnere said multipole ion guide is a quadrupole. 

7. An apparatus according to^elaim 1 where said multipole ion guide has more than six poles. 
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8. An apparatus according to claim 1 where said mass analyzer is a quadrupole mass filter. 

9. An apparatus according to claim 1 where said mass analyzer is a magnetic sector mass 
spectrometer. 



spectrometer. 

1 1. An apparatus accordin 
Flight mass spectrometer. 

12. An apparatus accordin 
Flight mass analyzer. 

13. An apparatus accordin 

14. An apparatus accordin 
spectrometer. 

15. An apparatus accordin 

16. An apparatus accordin 

17. An apparatus accordin 
stages. 



vacuum pumping stage into the next of said vacuunVpumping stages. 

19. An apparatus according to claim 1 5 \\^>efesai^multipole ion guide begins in vacuum stage 
one and extends contiguously from said/vacuum pumping stage two. 

20. An apparatus according to claim p where said multipole ion guide begins in vacuum stage 
two and extends contiguously into s/id vacuum pipping stage three. 

21. An apparatus according to claim 1 where saifl/ion guide extends continuously from one of said 
of said vacuum pumping stages through th^ne^pof said vacuum pumping stages and into the third 
of three consecutive vacuum pumping stagesy 

22. An apparatus according to clpim 18/" 1 
stage one. 

23 An apparatus according to claim l^xOhere said multipole ion guide begins in vacuum pumping 
stage two. 

24. An apparatus according to clank 1 where said ion guide extends continuously from one 
vacuum pumping stage through more than three additional vacuum pumping stages. 

25. An apparatus according to claim 1 where said means for applying AC and DC voltages to said 
poles of said multipole ion guipe can be set to select the energy of said ions entering said mass 
analyzer. 

26. A means according to diim 1 where said AC frequency and AC and DC voltages applied to 
said poles of said multipole ion guide are adjustable to maximize ion transmission efficiency 
through said multipole ion guide. 

27. A means according to claim 1 where said AC frequency is fixed said AC voltage amplitude is 
adjusted and said DCyoltages are adjusted to said poles of said multipole ion guide to maximize 
ion transmission efficiency through said multipole ion guide. 

28. A means according to claim 1 where said means for controlling said AC frequency and AC 
and DC voltages applied to said poles of said multipole ion guide can be set to limit the range of 
mass-to-charge of^ said ions which can be transmitted through said multipole ion guide. 



ion guide begins in vacuum pumping 
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29. A means according to claim 28 where said AC frequency is fixed and said AC voltage 
amplitude and said DC voltages are adjusted to limit the range of mass-to-charge of ions which 
can be transmitted through said multipole ion guide. / 

30. An apparatus according to claim 1 where said background pressure in at least/one of said 
vacuum pumping stages where said multipole ion guide is located is high enough to cause cooling 
of ion kinetic energy resulting in reduction of the ion energy spread for said ions of a given mass 
to charge transmitted through said multipole ion guide. / 

3 1. An apparatus according to claim 1 where the radial distance of the inner surface of said pole 
of said multipole ion guide from the centerline of said multipole ion guijie is 1.5 millimeters or 
less. / 

32. An apparatus according to claim 1 where said first vacuum stagg has a background pressure 
of less than 20 torr. 7 

33. An apparatus according to claim 1 where said second vacuurn stage has a background 
pressure of less than 500 millitorr. / 

34. An apparatus according to claim 1 where said third vacuum stage has a background pressure 
of less than 10 millitorr. / 

35. An apparatus used for analyzing chemical species cmnprising: 1 

a. an ion source operated at or near atmospheric^fe^ure which produces ions from solution and 
delivers said ions into a first vacuum pumping^ageoKrough an orifice; 

b. two or more vacuum pumping stages wrfh mearts fpr pumping away gas in each vacuum stage 
whereby each successive vacuum pumping stage4ias a lower background pressure than the 
previous pumping stage; / / 

c. a Time-Of-Flight mass analyzer and detector/with its ion pulsing region and Time-Of-Flight 
tube located in one or more of said vAcuunvpdnping stages; 

d. a multipole ion guide which begins in one of the first three of said vacuum pumping stages; 
Said multipole ion guide consisting 6f a ^ult/pli of equally spac^d^arallel poles extending the 
length of said ion guide. Said multipole ion/giiid^is positioijedln said vacuum pumping stage or 
stages upstream of the said Time-OMight mass andyz^rand transmits ions which are delivered 
from said ion source through a portioiTof said vacuum stages; 

e. a means for applying AC and DC voltages to the poles of said multipole ion guide; 

f. a means for controlling the AO frequency and said AC and DC voltages which are applied to 
said poles of said multipole ion/guide. 

36. An apparatus according tp claim 35 where said ion source is an electrospray ion source. 

37. An apparatus according/o claim 35 where said ion source is an Atmospheric Pressure 
Chemical Ionization source*. 

38. An apparatus according to claim 35 where said ion source is an Inductively Coupled Plasma 
ion source. / 

39. An apparatus according to claim 35 where said multipole ion guide is a hexapole. 

40. An apparatus according to claim 35 where said multipole ion guide is a quadrupole. 

41. An apparatus according to claim 35 where said multipole ion guide has more than six poles. 

42. An apparatus according to claim 35 where said Time-Of-Flight mass analyzer includes the 
means for orthogonal pulsing of said ions from said pulsing region into said flight tube. 

43. An apparatus according to claim 35 where said Time-Of-Flight mass analyzer includes the 
means for in-linfe pulsing of said ions from said pulsing region into said flight tube. 




24 



than one 
and ends within its 



44. An apparatus according to claim 35 where said Time-OF-Flight mass analyzer includes an ion 
trap for pulsing of said ions from said pulsing region into said flight tube. / 

45. An apparatus according to claim 35 where said multipole ion guide which is used to guide 
ions through a portion of said vacuum pumping stage begins and ends in one of said vacuum 
pumping stages. / 

46. An apparatus according to claim 45 where said ions are guided through 
vacuum pumping stage by individual multipole ion guides each of which be* 
respective vacuum pumping stage. / 

47. A method according to claim 35 where said multipole ion guide begins in one pumping stage 
and extends into one or more subsequent pumping stages. / 

48. An apparatus according to claim 35 where said background pressure in said vacuum pumping 
stages where said multipole ion guide is located is high enough to^ause cooling of ion kinetic 
energy resulting in reduction of the ion energy spread for said ioris of a given mass to charge 
transmitted through said multipole ion guide. 

49. An apparatus according to claim 35 where said means foi/applying AC and DC voltages to 
said poles of said multipole ion guide can be set to select th/ energy of said ions entering said 
Time-Of-Flight mass analyzer. 

50. An apparatus according to claim 35 where said mea: 
said poles of said multipole ion guide can be set 



for applying AC and DC voltages to 
ce the range of mass to charge of said ions 



>ole 



ns to reduce the range of mass to charge 
ion guide can be set to increase the duty 




eans to^duce the range of mass to charge 
on guide can be set to decrease the said 



which are transmitted through said multipole idn gui$ 

5 1 . An apparatus according to claim 50 where said , 
of said ions which are transmitted through Said mi, 
cycle of said Time-OF-Flight mass analyzer 

52. An apparatus according to claim 50 wnere/Sai 
of said ions which are transmitted througq said mj/fltip 
detector dead time. 

53. An apparatus according to claim 35 wflferg^he radial distance of the inner surface of said pole 
of said multipole ion guide from the centerline of said multipole filter is 1.5 millimeters or less. 

54. An apparatus according to claim SSAvhere the radial distance of the inner surface of a pole of 
said multipole ion guide from the centerline of said multipole filter is 1 millimeter or less. 

55. An apparatus used for analyzing chemical species comprising: * 

a. an ion source operated at or near atmospheric pressure which produces ions from solution and 
delivers said ions into a first vacuum pumping stage through an orifice; 

b. two or more vacuum pumpmg stages with means for pumping away gas in each vacuum stage 
whereby each successive vacuum pumping stage has a lower background pressure than the 
previous pumping stage; 

c. an Ion Trap mass analy^r and detector located in one or more of the vacuum pumping stages; 

d. a multipole ion guide Which begins in one of the first three of said vacuum pumping stages; 
Said multipole ion guidexonsisting of a multiple of equally spaced parallel poles extending the 
length of said ion guide*. Said multipole ion guide is positioned in said vacuum pumping stage or 
stages upstream of the said Ion Trap mass analyzer and transmits ions which are delivered from 
said ion source through a portion of said vacuum stages; 

e. a means for applying AC and DC voltages to said poles of said multipole ion guide; 
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f. a means for controlling the AC frequency and said AC and DC voltages applied to said poles of 
said multipole ion guide; / 

56. An apparatus according to claim 55 where said ion source is an electrosnray ion source. 

57. An apparatus according to claim 55 where said ion source is an Atmospneric Pressure 
Chemical Ionization source. 

58. An apparatus according to claim 55 where said ion source is an Indjaktively Coupled Plasma 
ion source. 

59. An apparatus according to claim 55 where said multipole ion gu$e is a hexapole. 

60. An apparatus according to claim 55 where said multipole ion guide is a quadrupole. 

61. An apparatus according to claim 55 where said multipole ioi^guide has more than six poles. 

62. An apparatus according to claim 55 where said background pressure in said vacuum pumping 
stages where a portion of said multipole ion guide is located is high enough to cause cooling of 
ion kinetic energy resulting in reduction of the ion energy ^pread for said ions of a given-mass to 
charge transmitted through said multipole ion guide. 

63. An apparatus according to claim 55 where said meatfis for applying AC and DC voltages to 
said poles of said multipole ion guide can be set to se}6ct the energy of said ions entering said Ion 
Trap mass analyzer. 

64. An apparatus according to claim 55 wher^arci(means for applying AC and DC voltages to 
said poles of said multipole ion guide can b^set m reduce the range of mass to charge of said ions 
which are transmitted through said multipole ion guide. 

65. An apparatus according to claim 6jrwhzr& said means to reduce the range of mass to charge 
of said ions which are transmitted through said multipole ion guide can be set to reduce the 
number of ions which are not in the ldassp cflarg^/ window of analytical interest, reducing effects 
due to space charging in said ion tr/ 




66. A method for analyzing chemical /peciefs wfo 

a. an ion source operated at or neir atmo^heric pressure which produces ions from solution and 
delivers said ions into a first vacuum-pamping stage through an orifice; 

b. vacuum pumping is applied to two or more vacuum pumping stages such that each successive 
vacuum pumping stage has a lower background pressure than the previous pumping stage; 

c. a mass analyzer and detecto/located in one or more of the vacuum pumping stages is used for 
mass analysis of said chemical species. 

d. a multipole ion guide which begins within one of the first two vacuum pumping stages and 
extends from one vacuum jumping stage into one or more subsequent vacuum pumping stages is 
used to transmit ions delivered from said ion source through a portion of said vacuum stages. 
Said multipole ion guid^consists of a multiple of equally spaced parallel poles extending the 
length of said ion guide 

e. The method of controlling the AC frequency and AC and DC voltages which are applied to the 
poles of said multipole ion guide. 

67. A method acco/ding to claim 66 where said ion source used is an electrospray ion source. 

68. A method according to claim 66 where said ion source used is an Atmospheric Pressure 
Chemical Ionization source. 

69. A method according to claim 66 where said ion source used is an Inductively Coupled Plasma 
ion source. 

70. A method/according to claim 66 where said multipole ion guide utilized is a hexapole. 
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71. A method according to claim 66 where said multipole ion guide utilized is a £(uadrupole. 

72. A method according to claim 66 where said multipole ion guide utilized i§/fias more than six 
poles. 

73. A method according to claim 66 which utilizes a quadrupole mass filtef for mass analysis. 

74. A method according to claim 66 which utilizes a magnetic sector mtfss spectrometer for mass 
analysis. 

75. A method according to claim 66 which utilizes a Time-Of-FligfyKmass spectrometer for mass 
analysis. 

76. A method according to claim 75 where orthogonal pulsing pf ions is used to pulse ions in said 
pulsing region into said flight tube. 

77. A method according to claim 75 where in-line pulsing o|tfons is used to pulse ions in said 
pulsing region into said flight tube. 

78. A method according to claim 66 which utilizes an ior/trap mass spectrometer for mass 
analysis. 

79. A method according to claim 66 which utilizes a Jfcurier Transform Ion Cyclotron Resonance 
mass spectrometer for mass analysis. 

80. A method according to claim 66 which included the utilization of three of said vacuum 
pumping stages to remove gas entering vacuum from said ion source. 

81. A method according to claim 66 whktffmclMes the utilization of four of said vacuum 
pumping stages to remove gas entering vacuum from said ion source. 

82. A method according to claim 66^vhich includes the utilization of more than four of said 
vacuum pumping stages to remover gas entenng/vacuum from said ion source. 

83. A method according to claim >66 where ions are transmitted through two of said vacuum 
pumping stages using said ion gufide which Joegins in one of said vacuum pumping stages and 
extends contiguously into the nekt of saidypcuum pumping stages. 

84. A method according to clain 83 where said ions rater said multipole ion guide in the second 
vacuum pumping stage. 

85. A method according to clair 
vacuum pumping stage. 

86. A method according to claircf 66 where ions are transmitted through three of said vacuum 
pumping stages using said ion guide which begins in one of said vacuum pumping stages and 
extends contiguously through'the next of said vacuum pumping stages and extends contiguously 
into the third consecutive pumping stage. 

87. A method according to/claim 86 where said ions enter said multipole ion guide in the second 
vacuum pumping stage. / 

88. A method according/to claim 86 where said ions enter said multipole ion guide in the first 
vacuum pumping stage/ 

89. A method according to claim 66 where ions are transmitted through more than three of said 
vacuum pumping stages using said ion guide which begins in one of said vacuum pumping stages 
and extends contiguously through more than two additional vacuum pumping stages. 

90. A method according to claim 66 where AC and DC voltages applied to said poles of said 
multipole ion guide are set to select the energy of said ions entering said mass analyzer. 

91: A method according to claim 66 where said AC and DC voltages applied to said poles of said 
multipole ionyguide are adjustable to maximize ion transmission efficiency through said multipole 
ion guide. 



ions enter said multipole ion guide in the first 
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92. A method according to claim 91 where said AC frequency is fixed said AOvoltage amplitude 
is adjusted and said DC voltages are adjusted to said poles of said multipole ipn guide to 
maximize ion transmission efficiency through said multipole ion guide. 

93. A method according to claim 66 where said AC and DC voltages appl^d to said poles of said 
multipole ion guide are adjustable to limit mass-to-charge range of ions^vhich are transmitted 
through said multipole ion guide. 

94. A method according to claim 93 where said AC frequency is fixe^ said AC voltage amplitude 
is adjusted and said DC voltages are adjusted to said poles of said multipole ion guide to allow a 
limited mass-to-charge range of ions to pass through said multipole ion guide. 

95. A method according to claim 66 where said background pressure in said vacuum' pumping 
stages where said multipole ion guide is located is maintained Jugh enough to cause cooling of ion 
kinetic energy resulting in reduction of the ion energy sprea^Tor said ions of a given mass to 
charge transmitted through said multipole ion guide. 

96. A method for analyzing chemical species whereby: 

a. an ion source operated at or near atmospheric pressure which produces ions from solution and 
delivers said ions into a first vacuum pumping stageythrough an orifice; 

b. vacuum pumping is applied to two or moi^acuum pumping stages such that each successive 
vacuum pumping stage has a lower background pressure than the previous pumping stage; 

c. a Time-Of-Flight mass analyzer and detectorywitji its primary ion beam pulsing region and 
Time-Of-Flight tube located in one oj/more o^rhe yacuum pumping stages is used for mass 
analysis of said chemical species; 

d. a multipole ion guide which begins in one'ofVthe first three of said vacuum pumping stages. 
Said multipole ion guide consisting of a multiple of equally/spaced parallel poles extending the 
length of said ion guide. Said multipole ^on ^ia^ispp&rfioned in said vacuum pumping stage or 
stages upstream of the said Time-Of- flight/mass analyzer and transmits ions which are delivered 
from said ion source through a portion of^aid vacuum stages; 

e. The method of controlling the A(^ftec(uency and AC and DC voltages which are applied to the 
poles of said multipole ion guide; 

97. A method according to claim/96 where said ion source used is an electrospray ion source. 

98. A method according to claim 96 where said ion source used is an Atmospheric Pressure 
Chemical Ionization source. / 

99. A method according to claim 96 where said ion source used is an Inductively Coupled Plasma 
ion source. / 

100. A method according to claim 96 where said multipole ion guide utilized is a hexapole. 

101. A method according/to claim 96 where said multipole ion guide utilized is a quadrupole. 

102. A method according to claim 96 where said multipole ion guide utilized is has more than six 
poles. I 

103. A method according to claim 96 which includes the utilization of three of said vacuum 
pumping stages to remove gas entering vacuum from said ion source. 

104. A method according to claim 96 which includes the utilization of four of said vacuum 
pumping stages to/remove gas. entering vacuum from said ion source. 

105. A method according to claim 96 which includes the utilization of more than four of said 
vacuum pumping stages to remove gas entering vacuum from said ion source. 
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106. A method according to claim 96 where orthogonal pulsing of ions is use^/to pulse ions out 
of said pulsing region into said flight tube. / 

107. A method according to claim 96 where in-line pulsing of ions is used/to pulse ions out of 
said pulsing region into said flight tube. / 

108. A method according to claim 96 where an ion trap is used to pulse ions out of said pulsing 
region into said flight tube. / 

109. A method according to claim 96 where said multipole ion guide which is used to guide ions 
through a vacuum pumping stage begins and ends in said vacuum/pumping stage. 

1 10. A method according to claim 109 where said ions are guided through more than one vacuum 
pumping stages by individual multipole ion guides each of whi<tfi begins and ends within its 
respective vacuum pumping stage. / 

1 1 1. A method according to claim 96 where said multipole ion guide begins in one pumping stage 
and extends into one or more subsequent pumping stages/ 

1 12. A method according to claim 1 1 1 where ions are transmitted through two of said vacuum 
pumping stages using said ion guide which begins in one of said vacuum pumping stages and 
extends contiguously into the next of said vacuum pumping stages. 

1 13. A method according to claim 1 12 where said iofis enter said multipole ion guide in the 
second vacuum pumping stage. / 

1 14. A method according to claim 1 12 where saidnons enter said multipole ion guide in the first 
vacuum pumping stage. / 

1 15. A method according to claim 95 wh€reio^s are transmitted through three of said vacuum 
pumping stages using said ion guide which begin^ in one of said vacuum pumping stages and 
extends contiguously through the netft of saiovacuum pumping stages and extends contiguously 
into the third consecutive pumping stage. / I 

1 16. A method according to claim 1 15 where safd ions enter sai^multipole ion guide in the 
second vacuum pumping stage. / \ 

1 17. A method according to claim 115 where ^aid l^Ts-efiter said multipole ion guide in the first 
vacuum pumping stage. \ / / 

1 18. A method according to claim 95/^here/ons are transmitted through more than three of said 
vacuum pumping stages using said which begins in one of said vacuum pumping stages 
and extends contiguously through more than two additional vacuum pumping stages. 

1 19. A method according to clain/95- where AC and DC voltages applied to said poles of said 
multipole ion guide are set to select the energy of said ions entering said mass analyzer. 

120. A method according to claim 95 where said AC and DC voltages applied to said poles of 
said multipole ion guide are adjustable to maximize ion transmission efficiency through said 
multipole ion guide. / 

121. A method according ttfclaim 120 where said AC frequency is fixed said AC voltage 
amplitude is adjusted and said DC voltages are adjusted to said poles of said multipole ion guide 
to maximize ion transmission efficiency through said multipole ion guide. 

122. A method according to claim 95 where said AC frequency and said AC and DC voltages 
applied to said poles ofsaid multipole ion guide are adjustable to allow a limited mass-to-charge 
range of ions to pass tnrough said multipole ion guide. 

123. A method acco/ding to claim 122 where said method to reduce the range of mass to charge 
ofsaid ions which are transmitted through said multipole ion guide can be used to increase the 
duty cycle of said /Time-OF-Flight mass analyzer. 
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124. An apparatus according to claim 122 where said method to reduce the range y 
charge of said ions which are transmitted through said multipole ion guide can bj 
the said detector dead time 

125. A method according to claim 122 where said AC frequency is fixed saicf AC voltage 
amplitude is adjusted and said DC voltages are adjusted to said poles of sain multipole ion guide 
to allow a limited mass-to-charge range of ions to pass through said multipole ion guide. 

126 A method according to claim 95 where said background pressure in said vacuum pumping 
stages where said multipole ion guide is located is maintained high enough to cause cooling of ion 
kinetic energy resulting in reduction of the ion energy spread for sepn ions of a given mass to 
charge transmitted through said multipole ion guide 

127. A method according to claim 150 for transmitting said ions'to said mass analyzer with a 
small cross section ion beam diameter by transmitting said ions through said multipole ion guide 
of small size where the innermost surface of said pole of saicr multipole ion guide from the 
centerline of said multipole in guide is 2.5 millimeters or I§ss 

128. A method for analyzing chemical species whereby?' 

a. an ion source operated at or near atmospheric pressure which produces ions from solution and 
delivers said ions into a first vacuum pumping stage/hrough an orifice; 

b. vacuum pumping is applied to one or more vacuum pumping stages such that each successive 
vacuum pumping stage has a lower background pressure than the previous pumping stage; 

c. an ion trap mass analyzer and detectoins usea for mass analysis of said chemical species; 

d. a multipole ion guide which begins in one or the first three of said vacuum pumping stages. 
Said multipole ion guide consisting o/a multiple of equally spaced parallel poles extending the 
length of said ion guide. Said multipole ioiyguiae is positioned inlaid vacuum pumping stage or 
stages upstream of the said ion trap massinalyzer and transipk^ions which are delivered from 

Isaicyvacui/nr 

and AC and DC voltages which are applied to the 
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said ion source through a portion of * 
e. The method of controlling the A(\\ 
poles of said multipole ion guide. 

129. A method according to claim l£&wh£re said ion source used is an electrospray ion source. 

130. A method according to clainyl28 where said ion source used is an Atmospheric Pressure 
Chemical Ionization source. 

131. A method according to claim 128 where said ion source used is an Inductively Coupled 
Plasma ion source. 

132. A method according to/fclaim 128 where said multipole ion guide utilized is a hexapole. 

133. A method according to claim 128 where said multipole ion guide utilized is a quadrupole. 

134. A method according/to claim 128 where said multipole ion guide utilized is has more than six 
poles. 

135. A method according to claim 128 which includes the utilization of three of said vacuum 
pumping stages to remove gas entering vacuum from said ion source. 

136. A method according to claim 128 which includes the utilization of four of said vacuum 
pumping stages to/emove gas entering vacuum from said ion source. 

137. A method according to claim 128 where ions are transmitted into the ion trap through an 
endplate apertui 

138. A methocmccording to claim 128 where ions are transmitted into the ion trap through a gap 
between the trap electrodes. 
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139. A method according to claim 128 where said multipole ion guide which is used to guide ions 
through a vacuum pumping stage begins and ends in said vacuum pumping staged 

140. A method according to claim 139 where said ions are guided through more than one vacuum 
pumping stages by individual multipole ion guides each of which begins and/ends within its 
respective vacuum pumping stage. / 

141. A method according to claim 128 where said multipole ion guide begins in one pumping 
stage and extends into one or more subsequent pumping stages. / 

142. A method according to claim 141 where ions are transmitted through two of said vacuum 
pumping stages using said ion guide which begins in one of said vacuum pumping stages and 
extends contiguously into the next of said vacuum pumping stage/ 

143. A method according to claim 142 where said ions enter said 7 multipole ion guide in the 
second vacuum pumping stage. / 

144 A method according to claim 142 where said ions enter said multipole ion guide in the first 
vacuum pumping stage. / 

145. A method according to claim 128 where ions are transmitted through three of said vacuum 
pumping stages using said ion guide which begins in on/ of said vacuum pumping stages and 
extends contiguously through the next of said vacuunVpumping stages and extends contiguously 
into the third consecutive pumping stage. / 

146. A method according to claim 145 where^ffiTsns enter said multipole ion guide in the 
second vacuum pumping stage. / / \ 

147. A method according to claim 145 wjfere said ions enter said multipole ion guide in the first 
vacuum pumping stage. / / 

148. A method according to claim 128/where'AC and DC voltages applied to said poles of said 
multipole ion guide are set to select thfe energy ttf said ions entering said ion trap mass 
spectrometer. ,/ / \ 

149. A method according to claim 12j8 where /atd AC and DC voltages applied to said poles of 
said multipole ion guide are adjustable to maximize ion transmission efficiency through said 
multipole ion guide. 1/ / \^_^-^ 

150. A method according to claim 14^where said AC frequency is fixed said AC voltage 
amplitude is adjusted and said DC voltages are adjusted to said poles of said multipole ion guide 
to maximize ion transmission efficiency through said multipole ion guide. 

151. A method according to clairn 128 where said AC frequency and said AC and DC voltages 
applied to said poles of said multipole ion guide are adjustable to allow a limited mass-to-charge 
range of ions to pass through said multipole ion guide. 

152. A method according to ckim 151 where said method to reduce the range of mass to charge 
of said ions which are transmitted through said multipole ion guide can be used to decrease the 
effects due to space charging in the ion trap mass spectrometer. 

153. A method according/to claim 151 where said AC frequency is fixed said AC voltage 
amplitude is adjusted and 7 said DC voltages are adjusted to said poles of said multipole ion guide 
limiting the mass-to-chatge range of ions passing through said multipole ion guide. 

1 54. A method according to claim 128 where said AC frequency and AC and DC voltages are 
adjusted to reduce thi range of mass to charge of said ions which are transmitted through said 
multipole ion guide jb reduce the number of ions which are not in the mass to charge window of 
analytical interest afld reducing effects due to space charging in said ion trap. 
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155. A method according to claim 128 where said background pressure in said vacoum pumping 
stages where said multipole ion guide is located is maintained high enough to cause cooling of ion 
kinetic energy resulting in reduction of the ion energy spread for said ions of a ^given mass to 
charge transmitted through said multipole ion guide. 

156. An apparatus used for analyzing chemical species comprising: 

a. an ion source operated at or near atmospheric pressure which produces ions from solution and 
delivers said ions into a first vacuum pumping stage through an orifice^ 

b. two or more vacuum pumping stages with means for pumping aw^y gas in each vacuum stage 
whereby each successive vacuum pumping stage has a lower background pressure than the 
previous pumping stage; f 

c. an Fourier Transform Ion Cyclotron Resonance (FT-ICR) ipass analyzer and detectoflocated 
in one or more of the vacuum pumping stages; 

d. a multipole ion guide which begins in one of the first threfe of said vacuum pumping stages; 
Said multipole ion guide consisting of a multiple of equally spaced parallel poles extending the 
length of said ion guide. Said multipole ion guide is positioned in said vacuum pumping stage or 
stages upstream of the said FT-ICR mass analyzer ancnransmits ions which are delivered from 

£es; 



said ion source through a portion of said 

e. a means for applying AC and DC voltages to sai 

f. a means for controlling the AC frequency and 
said multipole ion guide; 

157. A method according to claim 160 where sai 
amplitude is adjusted and said DC voltages are ai 
to maximize ion transmission efficiency thr$20igh 

158. An apparatus according to clain 15 
said poles of said multipole ion guidei caff be se; 
ICR mass analyzer. 

159. An apparatus according to claim^56 wKere said means for applying AC and DC voltages to 
said poles of said multipole ion guide caniJe set to reduce the range of mass to charge of said ions 
which are transmitted through said/multipole ion guide. 



poles of said multipole ion guide; 
d AC and DC voltages applied to said poles of 

A.C frequency is fixed said AC voltage 

js of said multipole ion guide 
jnultipolMon guide. 

ins for applying AC and DC voltages to 
select the energy of said ions entering said FT- 



160. A method for analyzing chemical species whereby: 

a. an ion source operated at oriiear atmospheric pressure which produces ions from solution and 
delivers said ions into a first v/cuum pumping stage through an orifice; 

b. vacuum pumping is appliea to one or more vacuum pumping stages such that each successive 
vacuum pumping stage hasi lower background pressure than the previous pumping stage; 

c. an FT-ICR mass analyzer and detector is used for mass analysis of said chemical species; 

d. a multipole ion guide which begins in one of the first three of said vacuum pumping stages. 
Said multipole ion guidexonsisting of a multiple of equally spaced parallel poles extending the 
length of said ion guides Said multipole ion guide is positioned in said vacuum pumping stage or 
stages upstream of the said FT-ICR mass analyzer and transmits ions which are delivered from 
said ion source through a portion of said vacuum stages. 

e. The method of controlling the AC frequency and AC and DC voltages which are applied to the 
poles of said multipole ion guide. 
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161. A method according to claim 160 where said A&frequency is fixed said AC voltage 



sted to said poles of said multipole ion guide 
id multipole ion guide. 

requency and said AC and DC voltages 
'guicfe^rifadjustable to allow a limited mass-to-charge 
"ion guide. 

163. A method according to claim/T60 where said method to reduce the range of mass to charge 
of said ions which are transmitted through said multipole ion guide can be used to decrease the 
effects due to space charging^ the FT-ICR mass spectrometer. 



amplitude is adjusted and said DC voltages 
to maximize ion transmission efficiency t 
162. A method according to claim 160 
applied to said poles of said multipol 
range of ions to pass through said m 
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